A poly( 1,4-a-~-galacturonide) lyase (EC 4.2.2.2) from the culture fluid of Lachnospira multiparus was purified about 20-fold. The optimum pH and temperature for enzyme activity were 8.0 and 40 "C. The enzyme required Ca2+ and was inhibited by EDTA; it preferred polygalacturonate as substrate, cleaving 1,4-a-glycosidic linkages randomly to form unsaturated galacturonates, mainly the unsaturated digalacturonate. Some properties of the crude and purified enzyme preparations are described. An exopolygaIacturonase is also produced by this organism.
INTRODUCTION
Lachnospira multiparus is a common constituent of the rumen microbial population of both cattle and sheep. It was first isolated and described by Bryant & Small (1956) who also indicated the ability of the organism to utilize pectin. The pectinolytic properties of L. mzrZtiparus were investigated by Dehority (1969) , Clarke et al. (1969) and, in this laboratory, by Tomerska (1971) . Grade1 & Dehority (1972) showed that the extent of pectin digestion by a pure strain of L. multiparus was 62.9 to 56.6 yo in lucerne and 45.6 to 28.3 yo in bromegrass, the values decreasing with advancing maturity of the plants. Preliminary work done in this laboratory (Wojciechowicz & Tomerska, 1971 ) indicated that two presumptive L. multiparus strains produced a polygalacturonate lyase. In the present investigation, efforts were directed towards purifying and characterizing the enzyme produced by a strain of L. multiparus isolated from the rumen.
Substrates. Polygalacturonic acid (no. 96723) was from Th. Schuchardt, Munich, Germany, and citrus pectin N.F. (C grade, lot 33335) was from Calbiochem. Saturated oligogalacturonic acids of polymerization n = 2 to n = 7 and n = 10 were prepared according to Rexova-Benkova (1970) . Unsaturated di-and trigalacturonic acids were isolated as described earlier (Wojciechowicz, 1972) .
Enzyme assays. Enzyme activity was assayed by measuring the increase in absorbance of the incubation mixture in the range 215 to 265 nm and by the periodate/thiobarbituric acid (TBA) test (Okamoto et a!., 1965) . TBA-reactive products were determined by measuring their absorbance at 480 to 580 nm. A double beam spectrophotometer (model DB-GT; Beckman-RIIC, Glenrothes, Scotland) was used.
Liberation of aldehyde groups was estimated by spectrophotometry using the Nelson-Somogyi reagent (Somogyi, 1952) ; results are expressed as pmol reducing groups liberated by 1 mg enzyme preparation per hour.
Products were also detected by descending paper chromatography of 2Opl samples on Whatman no. 1 paper with pyridine/ethyl acetate/acetic acid/water ( 5 : 5 : 1 : 3, by vol.) as solvent (Gee & McCready, 1957) . The spots were visualized by dipping in alkaline silver nitrate reagent (Trevelyan et al., 1950) or with ophenylenediamine dihydrochloride (Lanning & Cohen, 195 1) . Paper chromatograms were scanned with a Chromoscan 200 densitometer (Joyce-Loebl, Gateshead) operating with aperture no. 0503 and filter no. 5042 or filter no. 5040 when o-phenylenediamine was used as locating reagent.
R E S U L T S

Fractionation and purification of enzymes
The crude enzyme preparation S3 was dissolved in distilled water, centrifuged at 8000g and the resulting supernatant was desalted on Sephadex G-25 medium, freeze-dried and applied to a 3.8 x 22 cm column of DEAE-cellulose equilibrated with 0.005 M-phosphate buffer at pH 7.0. Elution was with similar buffer at increasing molarities: 0-005,0.05, 0.1 and 0.2 M at pH 7-0 and 0.4 M at pH 6.0. The protein eluted in five peaks; the activity was eluted in buffer concentrations from 0.005 to 0.2 M, most of it at 0-2 M. The active fractions were pooled and subjected to gel filtration on a 1-4 x 90 cm column of Sephadex G-100 equilibrated with 0.1 M-acetate buffer in 0.5 M-NaCl at pH 5.6 and were eluted with similar buffer. The activity of the pooled fractions was 9.6 pmol reducing groups mg-l h-l and was about 20-fold higher than that of the crude preparation. The protein eluted from the Sephadex column in four peaks; the first three were active, the last showed no pectinolytic activity. The fractions under the first three peaks were separately pooled and freeze-dried, Those under the first peak degraded polygalacturonate to monomeric units in a manner characteristic of a hydrolase rather than a lyase but the yield of the enzyme was too low to allow a detailed examination. The fractions under the second and third peaks exhibited polygalacturonate lyase activity and were used for further detailed study; their activities were 1-80 and 2.76 pmol reducing groups mg-l h-l, respectively.
EfSect of p H , temperature, Ca2+ and EDTA on enzyme activity
The activity of the purified enzyme preparation was determined in the pH range 7.0 to 9.6 by measuring the increase of the reducing power of the incubation mixture using the Nelson-Somogyi reaction. The activity reached a maximum at pH 8.0.
The activity was examined at temperatures from 30 to 60 "C; the optimum was 40 "C. The purified enzyme preparation had a requirement for Ca2+ which was maximal at When the reaction mixtures were incubated in the presence of EDTA a complete loss of 9 0 ,~~ (Fig. 1) .
activity was observed at 0-27 mM (Fig. 2) .
Activity of the puriJied enzyme preparation towards polygalacturonate, pectin and oligogalacturonates of various chain lengths The activity of the enzyme was greatest when polygalacturonate was used as substrate while pectin was less readily degraded (Fig. 3) . The reaction products absorbed strongly at 235 nm and reacted with TBA indicating that the purified enzyme was a polygalacturonate lyase. Figure 4 gives a densitornetric illustration of spots on the chromatogram of degradation products obtained from unsaturated and saturated trigalacturonates at pH 8.0. When the enzyme was incubated with the unsaturated trigalacturonate, unsaturated dimer and unsaturated monomer were found on the chromatogram, the latter being visualized by o-phenylenediamine. With the saturated trigalacturonate as substrate, unsaturated dimer and saturated monomer were produced.
The action of the enzyme on saturated oligogalacturonates and polygalacturonate is summarized in Table 1 . Digalacturonate was not hydrolysed in contrast to the oligogalacturonates with greater chain length. The rate of cleavage was fastest for polygalacturonate. Breakdown of polygalacturonate by the crude enzyme To obtain some information on the nature of the pectinolytic enzymes other than polygalacturonate lyase produced by L. multiparus, the crude enzyme S2 was incubated with polygalacturonate at pH 6-8 in the presence of EDTA. The reaction products were revealed by paper chromatography (Fig. 5) . Galacturonic acid was formed in the early period and increased in amount with prolonged incubation. Since the action of polygalacturonate lyase was inhibited by addition of EDTA to the incubation mixture, this suggested that some other enzyme must have been present having the character of a hydrolase. Accumulation of monomer units in the early period of incubation might suggest terminal cleavage characteristic of an exo type of action.
The effect of action of the crude enzyme S3 on oligogalacturonate (n = 10) in 0.05 M-Tris/ HC1 at pH 8.0 is shown in Fig. 6 . The chromatogram showed spots-of galacturonic acid and the unsaturated monomer. The presence of the latter was confirmed by the lack of an absorbance peak of the incubation mixture at 235 nm and by peak absorbance at 550 nm in the TBA test. Isolation of the unsaturated monomer. The unsaturated monomer was isolated from the incubation mixture of polygalacturonate with the enzyme preparation S3 at pH 8.0 by descending paper chromatography on Whatman 3MM paper with pyridine/ethyl acetate/ acetic acid/water (5 : 5 : 1 : 3, by vol.) as solvent, followed by elution with distilled water. The eluate was concentrated to a small volume in a rotary vacuum evaporator. The concentrated solution showed no absorbance at 235 nm but showed a peak at 550 nm in the TBA reaction. A chromatogram sprayed with o-phenylenediamine showed a single spot corresponding to unsaturated galacturonic acid.
DISCUSSION
The predominant pectinolytic enzyme of L. multiparus is a polygalacturonate lyase, similar to the lyase of Bacteroides ruminicola described earlier (Wojciechowicz, 1971) . Its optimum pH of 8.0, Ca2+ requirement and preference for polygalacturonate as substrate resemble those of partially purified polygalacturonate Iyases of certain other bacteria: Bacillus polymyxa (Nagel & Vaughn, 196 l) , Bacillus subtilis, Flavobacterium pectinovorum (Ward & Fogarty, 1974) , Clostridium felsineum (Kapitonova et al., 1973; Lund & Brocklehurst, 1978) , Xanthomonas campestris , Arthrobacter (Rombouts, 1972) and Erwinia aroideae (Kamimiya et a/., 1977) .
The end-product of the action of the purified L. multiparus polygalacturonate lyase on polygalacturonate and pectin was the unsaturated digalacturonate. However, the crude enzyme preparation degraded oligogalacturonates, as well as polygalacturonate, to monomeric units (both saturated and unsaturated) in a manner similar to that described by Preiss & Ashwell (1963) for pseudomonads. Degradation of polygalacturonate in the presence of EDTA at pH 6.8 yielded mainly galacturonic acid suggesting that the enzyme involved was a hydrolase, probably an exohydrolase in view of its terminal mode of attack. The enzyme can act over a broad range of pH as the breakdown of polygalacturonate at pH 8.0 also produced monomeric units. Clarke et al. (1969) incubated cell extract of L. multiparus with polygalacturonic acid and obtained a strong spot of galacturonic acid indicative of polygalacturonase.
There are many reports on the production by bacteria of a mixture of polygalacturonate lyase and polygalacturonase (Hasegawa & Nagel, 1967; Kapitonova et al., 1972; Hatanaka & Ozawa, 1971 ; Lund & Brocklehurst, 1978; Nasuno & Starr, 1966a, b ; Preiss & Ashwell, 1963) . It also seems to be a common feature of the pectinolytic rumen bacteria, having been observed in some strains of Bacteroides ruminicola (M. Wojciechowicz, unpublished observations), in the large rumen treponemes (Wojciechowicz & Ziolecki, 1979) and now in L. rnultiparus. All these organisms produce a complex of pectinolytic enzymes consisting predominantly of polygalacturonate lyase with a certain proportion, varying in individual species and also in individual strains within a species, of polygalacturonase.
